A green and highly efficient method has been developed for the synthesis of 2-amino-4H-chromene derivatives in the presence of FeTiO3 as magnetic catalyst via one-pot three-component condensation reaction of aromatic aldehydes, malononitrile and α-or β-naphthol without solvent under microwave irradiation. Mild reaction conditions, short reaction times, simple work-up, use of an economically convenient catalyst, and excellent product yields are the advantageous features of this method. The catalyst can be easily recovered by a simple magnetic separation and can be recycled six times with no significant loss of catalytic activity. 
Introduction
Multicomponent reaction (MCR) is a reaction in which three or more reactants react together and form product that has all features of the starting materials. MCRs have been recognized for over 160 years. The first MCR was reported in 1850 by Strecker [1] [2] [3] [4] . Many basic MCRs are name reactions for instance, Passerini, Gewald, van Leusen, Hantzsch, Ugi, Biginelli, Strecker, or one of their many variations [5] [6] [7] [8] [9] [10] . MCRs are the efficient tools in modern synthetic organic chemistry due to their significant features such as atom economy and the straight forward reaction designing.
MCRs facilitate the synthesis of compounds of biological and pharmacological importance by introducing several steps in one pot reaction [11] .
2-Amino-4H-chromene derivatives are important class of heterocyclic compounds with an array of biological and pharmacological properties such as antimicrobial [12] , antiviral [13, 14] , mutagenicity [15] , antiproliferative [16] , sex hormone [17] , antitumour [18] , cancer therapy [19, 20] , and central nervous system activities [20] . 2-Aminochromenes were also used as biodegradable agrochemicals and components of many natural products [21] . Thus, introduction of efficient procedures with easily separable, green approach and reusable catalysts for the synthesis of these derivatives is needed.
Microwave (MW) irradiation which is a new and efficient technique for reagent activation in the synthesis of organic compounds [22] [23] [24] , has been successfully applied for the synthesis of heterocyclic compounds under mild reaction condition. This method has gained great popularity compared to traditional heating and conventional reactions because of its ability to reduce reaction times, improving yields, having environmental and economic advantages, and also simplifieng the work-up processes [25] [26] [27] [28] .
In this work, we have reported an efficient and simple synthesis of highly functionalized 2-amino-4H-chromene derivatives using three-component reaction of various aldehydes (1), malononitrile (2), and α-, or β-naphthol (3) in the presence of FeTiO3 magnetic nanoparticles (MNPs) as an efficient and reusable catalyst under solvent free conditions (Scheme 1).
Experimental

Matreials and methodes
Starting materials were obtained from Merck (Germany) and Fluka (Switzerland) and were used without further purification. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. The microwave-assisted procedures were carried out in a Milestone
Microwave Oven operating at 1600 W. All obtained products are known compounds identified by comparing their Melting points with those reported in the literature. The progress of reactions was monitored by thin layer chromatography (TLC).
General procedure for the synthesis of 2-amino-4H-chromene derivatives A mixture of aldehydes (1 mmol), malononitrile (1 mmol), α-or β-naphthol (1 mmol) and 15 mol% of FeTiO3 nanoparticles were taken in a round bottom flask (50 mL) and irradiated with microwave (500w). The progress of the reaction was checked by TLC (petroleum ether/EtOAc, 10:1). After completion, the resulting product was heated in ethanol. The catalyst was magnetically removed from the mixture and washed several times with ethanol for reuse. Then, the residue was poured into crushed ice and stirred for several minutes. The solid product was filtered and was recrystallized from ethanol to afford the pure 2-amino-4H-chromene derivatives.
Results and discussion
In the present paper, magnetic FeTiO3 was investigated as a catalyst in the synthesis of 2-amino-4H-chromene derivatives under microwave irradiation and under solvent-free conditions. We optimized the reaction conditions such as catalyst amount and reaction times. First, the efficiency and amount of the FeTiO3 MNPs catalyst was investigated in a model reaction of 4-chlorobenzaldehyde 1b (1 mmol), malononitrile 2 (1 mmol), and β-naphthol 3a (1 mmol) for the synthesis of compound 4b (Table 2, entry 2). As shown in Table 1 , the optimum yield of the product was obtained when 20 mg of the catalyst (15 mol %) was used. It was found that in the absence of a catalyst, the desired product 4b was obtained in 12% yield within 10 min (Table 1 , entry 1).
Scheme 1. Synthesis of 2-amino-4H-chromene derivatives.
Using these optimized conditions, a wide range of aldehydes, malononitrile, and α-or β-naphthol were subjected to undergo three-component condensation in the presence of FeTiO3 MNPs under solvent free conditions (Table 2) . Then, various aromatic aldehydes carrying electron-donating and electron-withdrawing groups on the aromatic ring in the ortho, meta, and para positions and heterocyclic aldehydes were evaluated. Yields of the all reactions were good to excellent. It was found that the presence of electrondonating groups on the aromatic aldehydes resulted in low yields of the corresponding products and the reaction was sluggish. The presence of electronwithdrawing groups, however, resulted in shorter reaction times and higher yields. Using α-naphthol or β-naphthol had no effect on the reaction time or yield of the corresponding products.
( Table 2 ). The FeTiO3 MNPs were studied in this system. For this purpose, the reaction of β-naphthol (1 mmol) with 4-chlorobenzaldehyde (1 mmol) and malononitrile (1 mmol), was performed in the presence of FeTiO3 MNPs under microwave irradiation (500 W) in solvent-free conditions. After the magnetic separation of the catalyst from the reaction mixture, the catalyst was washed with ethanol, dried in air to remove any remaining ethanol, and reused in the further reactions for several times. The average chemical yield for six consecutive runs was 90%, which clearly demonstrates the practical recyclability of this catalyst (Table 3) . 
Conclusion
In summary, we have developed a simple, inexpensive and effective method for the synthesis of 2-amino-4H-chromene derivatives using α-or β-naphthol, malononitrile, various aldehydes and FeTiO3 as magnetic catalyst without solvent under microwave irradiation. The catalyst is inexpensive and easily available. Moreover, mild reaction conditions, simple procedure, short reaction times, easy workup, high yields of products and ease of separation and recyclability of the catalyst are salient features of the presented work.
